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ULTRASONIC MICROSTRUCTURAL NOISE PARAMETERS IN 
A POWDER METAL ALLOY 
ABSTRACT 
B. R. Tittmann, L. A. Ahlberg, and K. W. Fertig 
Rockwell International Science Center 
Thousand Oaks, CA 91360 
The ultrasonic backscattering characteristics were measured 
for IN-100, a powder metallurgy all~ used for engine disk com-
ponents. The data were obtained with a variety of different 
transducers placed either in a waterbath or in sample contact 
for a frequency range from about 2 to 18 MHz and statistically 
averaged over numerous volume elements of the samples. Micro-
graphical examination provided size and number distributions for 
grain and pore structure and showed that the predominant source 
for backscatter were the larger micropores. Two samples with 
different micropore densities were used to demonstrate the 
feasibility of calculating microstructural parameters from the 
ultrasonic data. 
INTRODUCTION 
The acquisition and analysis of ultrasonic backscattering 
data for the inference of microstructural information is not new 
and has been carried out by several researchers in the recent 
past [1,2]. The objective of this work is to apply these tech-
niques to the types of powder metallurgy alloys used in the 
manufacture of aircraft engine disc components. The particular 
application motivating this work is the development of an inte-
grated model which is able to assess the performance of an 
ultrasonic engine disc inspection system. In this context 
performance is measured by the probability of detecting internal 
cracks in the presence of competing microstructural noise. 
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The material chosen for these tests is IN-IOO, aNi-base 
alloy prepared by Pratt & Whitney Aircraft Co. This material is 
used in the F-15 and F-16 aircraft engine at a rate of 1000 lb 
of billet material per engine to manufacture three compressor 
discs, four turbine discs and two spacers. 
One of the samples tested (sample C) is a section of a used 
FIOO engine 2nd disc which was pulled out for spin pit tests. 
Microphotos taken of the surface of this sample as well as the 
other research samples showed the presence of micropores. The 
microporosity is a by-product of the powder metallurgy process 
and has its origin in hollow powder particles with argon gas 
trapped during the atomization process. Although a sparse, 
uniform distribution of micropores is not thought to be the 
limiting factor in low cycle fatigue strength, the micropores do 
contribute significantly to the ultrasonic noise background and 
must be taken into account. Statistical analysis of the 
micrograph data indicate that the pore distribution is not 
random but shows a tendency towards clustering. Figures la and 
Ib give pore size distribution histograms for two of the samples 
tested. 
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THEORETICAL MODEL 
The model for the microstructural backscatter (noise) 
spectrum is summarized in Table 1 which also gives expressions 
for the pore density and expectation value for the sixth power 
of the pore radius in terms of quantities measured in micro-
graphical examinations of the sample surfaces. The ultrasonic 
spectrum includes the terms developed previously in references 
[3-5] which take into account on-axis diffraction, back surface 
reflection coefficients, the volume of the Gaussian beam, the 
frequency dependence consistent with the Raleigh scattering 
regime, and the dependence on the radius and density of 
scatterers. 
Table 1 
MICROSTRUCTURAL NOISE SPECTRUM: 
BACK SURF 
REFLECTION COEF 
RAYLEIGH 
SCATTERING 
ON-AXIS VOLUME OF DISTRIBUTION 
DIFFRACTION GAUSSIAN OF SCATTERERS 
BEAM 
1 foo n2( ,) ,_ 1 ~ nj 
p = - -- dr - - £.J - Do 
v "0 r' " j rj r j 
EXPERIMENTAL APPROACH 
FROM 
HISTOGRAM 
DATA 
The experimental approach centers around a broadband 
transducer which is used to launch a short pulse of shear wave 
energy into the material in many different directions as shown 
in Fig. 2. During its passage through the material, the micro-
structural inhomogeneities reflect energy back toward the trans-
ducer which is now used as a receiver to detect these small 
echoes. As shown in Fig. 3 for two different samples they form 
a train of waveforms which have amplitudes and phase relation-
ships depending on where and how strong the sources are. It is 
clear that these signals are more or less random and form a 
background competing with signals coming back from internal 
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Fig. 2 Schematic diagram of spin pit test specimen 
and ultrasonic shear wave beam. 
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Fig. 3 Ultrasonic backscattering noise in IN-IOO. 
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cracks which are important to detect. In a typical run, the 
backscattered background signals are windowed at 10 different 
sections of the time trace corresponding to 10 different regions 
of the sample. Each waveform is time averaged over 512 trans-
mission pulses to decrease electronic noise in the receiver 
equipment. The 10 waveforms are deconvolved with a reference 
signal to remove the transducer characteristics and averaged to 
produce one statistically representative waveform for the sample 
material from which now the power frequency spectrum may be 
calculated. Figure 4 shows the backscatter power spectra for 
samples A and C before deconvolution whereas Fig. 5 shows the 
same data after deconvolution. 
RESULTS 
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Fig. 4 Ultrasonic backscatter power spectra for 
two samples of IN-100 before deconvolution. 
The results are summarized in Fig. 5 and Table 2. As 
indicated by the dashed lines in Fig. 5, the backscatter spectra 
have slopes which agree well with those predicted by the model, 
i.e., a 3.25 power law for the frequency dependence of the 
backscattered intensity. 
Another, more stringent, test of the data and model is to 
see whether a key microstructural feature may be predicted and 
compared with micrographical data. This is attempted in 
Table 2. Here the values of the estimated mean power densities 
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Fig. 5 Ultrasonic backscattering spectra for 
two different samples of IN-100. 
Table 2 
PORES IN 1~12 SCATTERING MICROGRAPH 6 1/6 6 1/6 PORE DENSITY 511sec BEAM <r > <r > 
(mm-3) VOL - 0.23 cm3 AT 10MHz (11m) (11m ) 
RESEARCH 329 80,000 1 x 10-5 5.34 4.1 - 19.5 
SAMPLE A ( - 50 dB) 
SPIN PIT 89 20,000 5.01 x 10-8 2.74 2.4 - 10.0 
SAMPLE C (- 73 dB) 
for the two samples and the ultrasonic backscatter intensities 
at 10 MHz are inserted into the model to calculate values of 
<r6>1/6 which are then compared to corresponding values esti-
mated from the micro graphical examination. The comparisons are 
shown in the last two columns of the table. Considering that 
the micrographical examination was limited to the surfaces of 
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the samples, the agreement is reasonable. The calculation 
demonstrated also that small errors in the count of the large 
pores introduces large errors in the final estimates. 
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DISCUSSION 
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R.B. Thompson (Ames Laboratory): I have a very practical question. 
If somebody came to you with a micrograph, how well do you 
think you could do in predicting the absolute noise that would 
be observed in that sample? 
B.R. Tittmann: Okay. That's a question which I'll throw back at 
you by saying how statistically accurate is your micrograph? 
If your ultrasonic beam intersects something like 80,000 pores, 
if you can give me that kind of statistics, I'm probably 
pretty good on predicting what the spectrum is. 
If on the other hand, you have limited access then to the 
statistics, and you are dealing with, let's say, 500 pores, 
then the accuracy with which you know the statistical 
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representation of those large pores can really limit you ir. 
terms of predicting what the noise spectrum is. On the other 
hand, the variation in the absolute position of the spectrum 
isn't really that sensitive. It's when you want to calculate 
specific details of the microstructure, for example, porosity, 
where that leverage really plays a role. 
R.B. Thompson: You look at a very weak distribution force? 
B.R. Tittmann: Right. 
R.B. Thompson: In other types of materials, for example, castings 
or something like that, you have a very high pore density. 
To how high of a density can the techniques which you described 
be applied? 
B.R. Tittmann: The techniques I have employed depend on specular 
refraction and backscattering and to the degree that that's 
viable, we have to limit our application, but we haven't really 
had an opportunity to test how much we can achieve on that. 
J.E. Gubernatis (Los Alamos National Laboratory): I'd just like to 
make a comment. With respect to what the extent one will be 
able to incur data in the distribution of pore sizes, I will 
be presenting some calculations in the context of the same 
approximations you are using where I take two radically 
different distribution functions and produce almost the same 
attenuation. This kind of approximation you are proposing to 
use now would suggest the extreme difficulty in being able to 
determine what that distribution is. 
B.R. Tittmann: Are you limiting your inversion technique to a 
narrow band or infinite band? 
J.E. Gubernatis: I'm not converting. I'm computing the attenuation 
function frequency over a very wide range of frequencies. It 
would be quite interesting to, I think, really see what is the 
validity of the approximation to which all this is. 
